Comparative pathogenicity of opportunistic black yeasts in Aureobasidium by Wang, Meizhu et al.
Mycoses. 2019;62:803–811.	 wileyonlinelibrary.com/journal/myc	 	 | 	803© 2019 Blackwell Verlag GmbH
 
Received:	22	March	2019  |  Revised:	6	May	2019  |  Accepted:	7	May	2019
DOI: 10.1111/myc.12931  
O R I G I N A L  A R T I C L E
Comparative pathogenicity of opportunistic black yeasts in 
Aureobasidium
Meizhu Wang1,2,3  |   Patrizia Danesi4 |   Timothy Y. James5 |    
Abdullah M. S. Al‐Hatmi2,3,6  |   Mohammad Javad Najafzadeh7 |   Somayeh Dolatabadi8  |  










































yeasts	between	Aureobasidium pullulans and A. melanogenum	to	explain	the	observed	
differences	 in	 frequency	 in	 infection.	 Degrees	 of	 melanisation	 and	 thermotoler-
ance	were	measured,	and	virulence	of	strains	from	different	sources	was	examined	
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1  | INTRODUC TION
Aureobasidum	 is	 a	 black	 yeast	 genus	 in	 the	 order	 Dothideales	
(Dothideomycetes),	 particularly	 known	 for	 its	 biotechnologi-
cal	 significance	 as	 a	 producer	 of	 the	 biodegradable	 extracellular	
polysaccharide	pullulan.1	Numerous	other	applications	are	known	
in	medicine,	 pharmacy	 and	 food	 industry,	 and	 the	 fungus	 is	 also	





solar	 irradiation5,6	and	 therefore	 the	 fungi	are	ecologically	classi-
fied	as	extremotolerants.7	 In	 the	human-dominated	environment,	
they	are	common	on	damp	indoor	surfaces	in	bathrooms	and	sau-
nas	 and	 may	 colonise	 medical	 instrumentation.8,9 Aureobasidium 
also	 occurs	 as	 a	 commensal	 on	 healthy	 human	 skin,10	 but	 com-
pared	to	black	yeasts	in	the	genus	Exophiala	(order	Chaetothyriales,	
Eurotiomycetes),	Aureobasidium	is,	compared	to	its	common	occur-
rence	 in	 clinical	 settings,	 extremely	 rarely	 involved	 in	 human	 in-
fection;	 its	pathogenic	potential	 is	 judged	to	be	very	low.11	Cases	
mostly	 concern	 superficial	 infections	 in	 healthy	 individuals,	 in-
cluding	 onychomycosis	 or	 keratitis.11,12	 Systemic	 infections,	 for	




Aureobasidium	 strains	differ	 significantly	 in	 their	production	
of	melanised	chlamydospores,	colonies	varying	from	pale	pink	to	
jet	black.	De	Hoog	&	Yurlova16	distinguished	A. pullulans and A. 
melanogenum	 on	 the	basis	of	melanin	production	and	 some	dif-
ferences	 in	 growth	 with	 galactitol,	 glucono-δ-lactone,	 creatine	
and	 creatinine,	 and	 in	 gelatin	 liquefaction.	 Separation	 of	 two	
groups	 is	 supported	 by	 some	 SNPs	 in	 the	 rDNA	 internal	 tran-
scribed	 spacer	 region,	 partial	 translation	 elongation	 factor-1α,	
β-tubulin	and	RNA	polymerase	 II	 sequences.17	Gostinčar	et	al18 
found	sufficient	genomic	support	for	maintenance	of	the	taxa	at	
species	level.
In	 the	 present	 paper,	we	 analysed	 a	 set	 of	 clinical	 strains	 that	
were	 identified	 phenotypically	 as	 Aureobasidium pullulans	 group.	
After	molecular	identification	of	strains	in	this	data	set,	we	noticed	
that	A. melanogenum	 was	 much	 more	 prevalent	 than	A. pullulans,	
which	was	nearly	 limited	to	environmental	sources	 (Table	1).	 In	an	
attempt	 to	 explain	 this	 difference	 between	 the	 two	 species,	 we	
compared	melanisation	 and	 temperature	 relations,	 and	 tested	 vir-
ulence	in	a	murine	model	and	in	an	alternative	model	using	Galleria 
mellonella larvae.
2  | MATERIAL S AND METHODS
2.1 | Strains and culture conditions
Ninety-two	 strains	 from	 the	 reference	 collection	 of	 the	
Centraalbureau	 voor	 Schimmelcultures	 (housed	 at	 Westerdijk	
Fungal	Biodiversity	Institute,	Utrecht,	The	Netherlands;	CBS),	which	
included	a	large	set	of	isolates	from	symptomatic	clinical	cases	sent	
























and	 rDNA	 ITS	 and	 D1/2	 of	 LSU	 were	 sequenced	 using	 methods	
and	 primers	 after	 Gerrits	 van	 den	 Ende	 &	 de	 Hoog.19	 Sequences	
for	ITS	and	LSU	were	aligned	in	Mega5	in	the	Laser	gene	software	
(DNAStar).	 Iterative	 alignment	 was	 performed	 automatically	 in	
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TA B L E  1  Strains	examined,	with	source	of	isolation,	growth	and	melanisation	at	37°C,	and	strains	used	in	larvae	and	murine	inoculation	
experiments.	P	=	Aureobasidium pullulans;	P*	=	Aureobasidium pullulans	clinical	strain;	M	=	Aureobasidium melanogenum;	M*	=	Aureobasidium 
melanogenum	clinical	strain
Groups Accession no. ITS Source Origin








CBS	114909 P Quercus robur,	green	leaf Netherlands 80 0 - - 10 0
CBS	117464 P Orange	juice Netherlands 65 0 - - 10  
CBS	117466 P Olive	tree	phylloplane Italy 70 0 - -  0
CBS	121326 P Wall	in	“sick	building” Greece 82 0 2 0 10 2
CBS	116.14 P Unknown USA 80 0 - -   
CBS	590.75 P Tilia,	leaf Netherlands 79 0 - -   
CBS	591.75 P Decaying	tuber Netherlands 79 0 - -   
CBS	593.75 P Asbestos	concrete Netherlands 81 0 - -   
CBS	703.76 P Quercus,	leaf Russia 81 0 3 0 8 2
CBS	566.78 P Sphaerotheca pannosa Ukraine 75 0 3 0 8  
CBS	512.81 P Barley	leaf France 80 0 - - 10 1
CBS	577.93 P* Human,	bronchoalveolar	
lavage
Sweden 81 0 4 0   
CBS	351.96 P Cold	stored	table	grapes Italy 78 0 5 0   
CBS	100221 P Driver	seat Netherlands 75 0 - - 10 0
CBS	100280 P Salt	pan Slovenia 75 0 - - 10 3
CBS	100592 P Mummified	seal Antarctica 65 0 - -   
CBS122385 P Glace	ice	from	sea	water Arctic 80 1 - - 10  
CBS	102662 P Malus,	fruit Netherlands 70 1 - -   
CBS	249.65 P Painted	wood Costa	Rica 72 2 5 0 4  
CBS	701.76 P Malus sylvestris,	fruit Unknown 65 2 - -   




CBS	116758 P Outdoor	air	sample Germany 77 3 3 5 6  
CBS	121328 P* Human,	onychomycosis Greece 65 3 - - 8 4
CBS	298.56 P* Human,	lymph	node USA 82 3 2 5 6 0
CBS	210.65 P Wood France 73 3 3 5 4  
CBS	698.76 P Fruit	drink Netherlands 80 3 - 5   
CBS	700.76 P Unknown India 73 3 10 5   
CBS	133.30 P Camellia sinensis,	leaf Indonesia 78 4 5 1   
CBS	117.39 P Wood	pulp Sweden 83 4 11 5 10  
CBS	585.75 P Olea europaea,	twig Greece 72 4 - - 0  
CBS	115002 P Quercus robur,	green	leaf Netherlands 78 5 - -   
CBS	110.67 P Cotton	tissue Netherlands 82 5 5 5 6  
CBS	584.75NT P Vitis vinifera,	fruit France 75 5 - - 10  
CBS	586.75 P Flour Netherlands 82 5 2 5   
CBS	588.75 P Artocarpus integrifolia,	leaf India 61 5 2 0 0  
CBS	589.75 P Quercus,	leaf Netherlands 80 5 2 0   
CBS	592.75 P Kitchen Netherlands 75 5 - -   
CBS	699.76 P* Human,	thumb	nail Netherlands 78 5 5 5 0 0
CBS	704.76 P Malus,	leaf Netherlands 82 5 3 5   
CBS	626.85 P* Human,	peritoneal	dialysis	
fluid
Australia 82 5 10 3   
CBS	259.93 P Unknown Unknown 75 5 - -   
CBS	796.97 P Indoor	environment Netherlands 75 5 - -   
CBS	101160 P Window	frame Sweden 80 5 3 0   
CBS	109810 P Wall	surface Ukraine 81 5 3 0   
CBS	130542 P* Toe	nail USA 79 5 4 3   
(Continues)
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Groups Accession no. ITS Source Origin









CBS	130470 M* Sputum USA 79 0 - -   
CBS	771.97 M* Polyethelene	teraphthalate Germany 73 0 5 0   
CBS	130447 M* Blood USA 80 0 12 0   
CBS	130479 M* Blood USA 80 0 9 0 8  
CBS	130471 M* Blood USA 70 0 8 3   
CBS	130482 M* Sinus USA 80 0 5 3   
CBS	130477 M* Bronchial	washing USA 81 0 10 5 10  
CBS	130490 M* Bone	marrow	aspirate USA 78 1 8 1   
CBS	130453 M* Blood USA 80 1 15 5   
CBS	130541 M* Blood USA 71 1 15 5   
CBS	130463 M* Peritoneal	fluid USA 80 1 6 5   
CBS	130456 M* Peritoneal	fluid USA 65 2 3 0   
CBS	130488 M* Scalp USA 80 2 4 1   
CBS	130486 M* Bronchial	washing USA 62 2 5 2   
CBS	130459 M* Urine USA 75 2 3 3 8  
CBS	110373 M Soil Thailand 65 2 10 5   
CBS	122827 M Polluted	soil Brazil 80 2 10 5   
CBS	130458 M* Forehead USA 77 2 7 5 6 0
CBS	130460 M* Peritoneal	fluid USA 82 2 9 5 1 1
CBS	130462 M* Leg	wound USA 80 2 4 5   
CBS	130480 M* Kidney USA 80 2 7 5 10  
CBS	130483 M* Paracentesis	fluid USA 73 2 8 5 4  





CBS	110374 M Public	fountain Thailand 75 3 10 1 10 4
CBS	130491 M* Toe	nail USA 80 3 11 1   
CBS	134079 M Surface	glacier	ice Norway 65 3 6 2   
CBS	130454 M* Sinus USA 74 3 9 5 10 2
CBS	130457 M* Lung	Biopsy USA 82 3 7 5   
CBS	130467 M* Bronchial	washing USA 80 3 15 5 10 3
CBS	130476 M* Blood USA 80 3 9 5 8  
CBS	130481 M* Scalp USA 80 3 10 5   
CBS	130489 M* Bronchial	washing USA 76 3 10 5   
CBS	621.80 M Deteriorated	army	supplies USA 83 4 5 3   
CBS	130448 M* Leg USA 75 4 13 5 6  
CBS	130455 M* Bone	marrow USA 72 4 11 5 4 4
CBS	130461 M* Ethmoid	sinus USA 78 4 5 5 8  
CBS	130465 M* Blood USA 78 4 6 5 10 0
CBS	130466 M* Sputum USA 80 4 15 5 8  
CBS	130475 M* Lung USA 81 4 13 5 4 3
CBS	130484 M* Blood USA 82 4 11 5   
CBS	130487 M* Sputum USA 80 5 5 0   
CBS	130464 M* Blood USA 70 5 10 1   
CBS	121327 M* Ear	canal	of	child Greece 80 5 7 5   
CBS	109800 M* Peritoneal	fluid Greece 68 5 8 5   
CBS	130450 M* Blood USA 83 5 13 5 6 2
CBS	130472 M* Sinus USA 82 5 7 5 8 2
CBS	130473 M* Pelvis USA 83 5 15 5 8  
TA B L E  1   (Continued)
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Sabouraud	Glucose	agar	(SGA,	Oxoid)	for	2-3	days	at	24°C	using	
suspensions	 in	water	as	 inocula.	When	colonies	were	still	unpig-
mented,	 the	 surface	 of	 colonies	 was	 washed	 gently	 with	 phos-




Conidia	were	 counted	and	adjusted	 to	designated	 concentration	





4-5	week,	Guizhou	Medical	University;	n = 230)	were	 inoculated	
via	injection	into	lateral	tail	vein.	The	study	was	conducted	under	
the	 guidelines	 and	 approval	 of	 the	 Research	 Ethics	 Committee	
of	 Guizhou	 Medical	 University	 (SCXKqian2018-0001).	 Animals	
were	 housed	 under	 standard	 conditions	 (SYXKqian2018-0001),	
with	food	and	water	supplied	ad	libitum.	Survival	(in	days	post-in-




sacrificed	 for	 anatomical	 examination.	 Organs	 excised	 from	 all	






Italy)	 using	 40	 Aureobasidium	 strains	 from	 CBS	 (Utrecht,	 The	
Netherlands),	 including	 20	 A. pullulans and 20 A. melanogenum 
(Table	 1).	 Inocula	 of	 108	 yeast	 cells/mL	 were	 prepared	 in	 PBS.	
Only	25°C	was	 applied,	 since	not	 all	 strains	of	A. pullulans were 
able	 to	 grow	 at	 37°C.	 In	 addition,	 at	 this	 temperature,	 there	 is	
significant	 mortality	 of	 controls	 in	 the	 Galleria	 infection	model.	
Galleria mellonella	 larvae	 were	 obtained	 from	 the	 animal	 house	




filtering	 through	 sterile	 miracloth,	 centrifuged	 and	 resuspended	
in	5	mL	 sterile	 phosphate-buffered	 saline,	 pH	7.4	 (PBS).	Conidia	
were	counted	using	a	Bürker	chamber,	and	inocula	were	prepared	
by	adjusting	conidia	to	1	×	108	cells/	mL	in	sterile	PBS.	Larvae	of	







tions,	 and	 survival	was	 recorded	 twice	daily	 for	10	days.	 Larvae	
F I G U R E  1  Degrees	of	melanisation	in	macrocultures	on	MEA	at	24°C.	(A)	Colony	without	darkening	(0);	(B)	Melanisation	≤	20%	(1);	(C)	
Melanisation	21%-40%	(2);	(D)	Melanisation	41%-60%	(3);	(E)	Melanisation	61%-80%	(4);	(F)	Melanisation	81%-100%	(5)
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were	 considered	dead	when	 they	displayed	no	movement	 in	 re-
sponse	 to	gentle	prodding	with	 a	pipette	 tip.	To	 confirm	vitality	
of	Aureobasidium	 strains,	 10	μL	 suspensions	 of	 each	 strain	were	
cultured	on	SGA	and	incubated	at	25°C	and	the	number	of	colony-
forming	units	(CFU)	per	plate	was	counted.	Four	dead	larvae	(two	
inoculated	with	A. pullulans	 and	 two	with	A. melanogenum)	were	
formalin-fixed	and	used	for	histopathology	after	H&E	staining.
2.6 | Statistics
Data	 processing	 and	 analysis	 was	 done	 using	 SPSS	 v19.0	 statisti-
cal	package.	A	paired	samples	t	test	was	conducted	to	compare	the	


















differed	significantly	between	24°C	 (76.68	±	5.46	cm,	n = 92)	and	
37°C	(5.42	±	4.60	cm,	n = 92)	on	MEA	(P ˂	0.01)	as	well	as	on	OA.	
Growth	responses	were	similar	on	MEA	(Table	1)	and	OA	(data	not	
shown).	At	24°C	on	MEA	and	OA,	no	significant	difference	was	ob-
served	between	A. pullulans	(76.38	±	5.54	cm,	n = 45)	and	A. melano‐
genum	(76.98	±	5.42	cm,	n = 47)	(P ˃	0.05).	However,	at	37°C	on	both	
media,	A. melanogenum	grew	faster	(8.60	±	3.61	cm,	n = 47)	than	A. 
pullulans	(2.11	±	2.86	cm,	n = 45)	(P ˂	0.01).
No	significant	difference	between	the	two	species	was	observed	
at	24°C	in	the	structure	of	hyphae,	conidia,	endoconidia,	yeast	cells	




ish	 to	 black	 for	 A. melanogenum. Aureobasidium pullulans	 showed	
poor	growth	at	37°C	 (22	out	of	45	strains	did	not	grow),	while	A. 
melanogenum	grew	well	at	37°C.	Melanisation	was	scored	at	24°C	
and	37°C	on	MEA	and	OA	according	 to	 a	5-grade	 scale	 (Table	1).	
No	significant	difference	was	found	 in	melanisation	of	A. pullulans 
(M	=	1.9	±	1.9)	and	A. melanogenum	(1.8	±	1.55)	at	24	°C	(P ˃	0.05).	A	
significant	difference	in	melanisation	of	A. melanogenum	was	noted	
at	24°C	 (M	=	2.60	±	1.61,	n = 47)	compared	to	37°C	 (3.64	±	1.96,	
n = 47)	on	MEA	(P ˂	0.01)	as	well	as	on	OA.	The	strains	of	A. pullulans 
(1.26	±	2.11,	n	=	45,	the	22	strains	that	did	not	grow	were	recorded	
as	0)	 that	showed	some	growth	at	37°C	were	 less	melanised	 than	
those	of	A. melanogenum	 (3.58	±	1.98,	n	=	47)	at	 this	 temperature	
(P ˂	0.01)	on	both	media.
Comparative	 virulence	 of	 Aureobasidium	 strains	 was	 tested	
in	a	murine	model.	Fifteen-day	survival	 rates	of	all	mice	are	 listed	
in	Figure	2.	While	all	of	 the	animals	 infected	with	A. pullulans and 
A. melanogenum	 died	 between	 days	 1	 and	 15	 compared	 to	 the	
controls	 that	 remained	alive,	 analysis	by	 log-rank	 test	 and	Gehan-
Breslow-Wilcoxon	tests	showed	overall	differences	in	survival	were	









373 375 416 418 469 470
A. pullulans C T A T A C
A. melanogenum T C T A C T
F I G U R E  2  Survival	of	Kunming	
mice	following	i.v.	infection	with	
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showed	that	the	heart,	liver,	spleen,	lung,	kidney	and	intestinal	tract	





small	 white	 spots	 on	 the	 liver,	 and	 the	 gastrointestinal	 tract	 was	
lightly	inflated.	Histopathology	showed	inflammatory	lesions	in	the	
heart,	liver,	spleen,	lung,	kidney	and	intestinal	tissues	of	A. melano‐
genum and A. pullulans	 infected	mice	after	 routine	HE	staining;	 le-
sions	 in	 intestines	and	 liver	were	 the	most	obvious.	The	 intestinal	
mucosa	of	the	A. melanogenum	group	showed	significant	epithelial	
shedding,	 and	 the	 muscular	 layer	 had	 become	 thin.	 Hepatocytes	
showed	partial	necrosis,	and	histopathology	in	both	species	showed	








PBS	alone	(P ˂	0.01).	At	25°C,	the	rate	of	mortality	of	Galleria larvae 
inoculated	with	A. pullulans	was	significantly	higher	than	those	inoc-
ulated	with	A. melanogenum	(53.00%	vs	32.25%;	P ˂	0.01;	Table	3).	
Average	survival	per	 species	 is	 shown	 in	Figure	3.	Histopathology	





example,	 colonising	bare	 rock	or	hypersaline	habitats.21	 The	 fungi	
are	 ubiquitously	 found	 on	 lice-inhabited,	 sugar-rich	 phyllosphere.4 
Also,	environments	low	in	nutrients	such	as	moist	glass	or	metal	are	
colonised.	 Their	 efficient	 production	 of	 extracellular	 polysaccha-
rides	 (pullulan,	 aubasidan)	may	 enhance	 survival	 under	 conditions	
of	dryness	and	solar	irradiation.	Further	survival	structures	are	the	
chlamydospores	that,	if	present,	are	thick-walled	and	heavily	mela-







upon	severe	 impairment	of	 the	hosts’	 immunity	or	general	condi-
tion.	Opportunism	 in	 this	genus	 is	 likely	 to	be	enhanced	by	undi-
rected	 survival	 factors	 such	 as	 thermotolerance,	 thick,	melanised	
cell	walls	and	protective	EPS.	Also,	the	ubiquitous	nature	and	risk	
25°C n Dead Alive % mortality Comparisons P
A. pullulans 400 212 188 53.00 P	vs	M P < 0.01
A. melanogenum 400 129 271 32.25 P	vs	Control P < 0.01
Control 80 7 73 8.75 P	vs	PBS P < 0.01
PBS	only 90 8 82 8.89 M	vs	Control P < 0.01
     M	vs	PBS P < 0.01
TA B L E  3  Results	of	Galleria 
infections.	P	=	Aureobasidium pullulans; 
M	=	Aureobasidium melanogenum
F I G U R E  3  Survival	of	Galleria 
mellonella	larvae	following	inoculation	of	
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to	be	traumatically	inoculated	or	inhaled	increase	the	frequency	of	
human	 infection.	 The	 relatively	 small	 number	 of	 described	 cases	
indicates	that	infective	abilities	and	virulence	probably	are	low.11
Clinical	strains	have	been	collected	over	the	decades	both	at	CBS	
and	UTHSC;	 in	 the	 former	 also	 environmental	 strains	were	main-
tained.	Strains	were	traditionally	enlisted	into	the	collections	under	
the	umbrella	name	A. pullulans,	as	the	separation	of	A. melanogenum 
is	only	of	recent	date.18	After	retrospective	identification	of	the	two	
taxa,	it	was	noticed	that	the	two	species	had	nearly	equal	frequency	
in	the	CBS-UTHSC	data	set	(A. pullulans / A. melanogenum = 45/47).	
In	this	set	of	strains,	significantly	more	clinical	isolates	appeared	to	
belong	 to	A. melanogenum	 (42/47),	 while	A. pullulans	 (35/45)	 was	
more	often	derived	from	environmental	sources	such	as	leaves,	soil	
and	fruits.	Both	species	showed	a	worldwide	distribution	(Table	1).	
The	 two	 species	 show	 low	MICs	 of	 amphotericin	 B,	 itraconazole	











ture,	while	 this	 response	 remains	absent	 in	A. pullulans.	Nearly,	 all	
strains	of	A. melanogenum	were	able	to	grow	at	37°C,	compared	to	
only	50%	of	the	strains	of	A. pullulans	(Table	1).
In	 general,	 growth	 at	 body	 temperature	 is	 a	 prerequistic	 for	






to	A. melanogenum	vs	A. pullulans,	but	to	the	A. melanogenum	black	
group	vs	 the	 rest.	 It	may	be	concluded	that	A. melanogenum	black	
group	 can	 survive	 at	 37°C,	 as	well	 as	melanin	 is	 produced,	which	







anisation	 in	 response	 to	 hydrogen	 peroxide	 stress;	 this	 seemingly	
inappropriate	 use	 of	melanin	 by	 the	 fungus	 led	 to	 the	 conclusion	
that	this	type	of	stress	was	unlikely	to	occur	in	the	fungus’	natural	
habitat.23
In	 the	Galleria	 infection	 model	 at	 25°C,	 mortalities	 due	 to	 A. 
pullulans	were	higher	than	 in	 larvae	 injected	with	A. melanogenum. 
These	results	are	thus	in	conflict	with	the	murine	model	results.	At	
25°C,	 there	 is	 no	 difference	 in	 growth	 and	melanisation	 between	
the	two	species,	and	thus	the	observed	difference	in	mortality	may	
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